A yellow-pigmented, rod-shaped, Gram-staining-negative, aerobic bacterial strain, designated CJ7
The genus Flavobacterium is a diverse group of bacteria that are commonly found in soil, freshwater and fish tissues (Bernardet et al., 2002; Bernardet & Bowman, 2006) and contains over 60 recognized species. In this study, a Flavobacterium-like bacterium was isolated and examined using a polyphasic taxonomic approach. Thus, we report the description of a novel species of the genus Flavobacterium.
A bacterial strain, designated CJ7 T , was isolated from a freshwater lake at Chung-Ang University in Anseong, South Korea (37 u 09 N 127 u 139 E). Isolation was carried out using the standard dilution plating method on R2A agar (Conda) at 30 u C. The isolate was routinely cultured on R2A agar and maintained at 280 u C as a suspension in R2A broth supplemented with glycerol (20 %, v/v).
The 16S rRNA gene was amplified from a single colony by PCR using AccuPower PCR Premix (Bioneer) and primers 27F and 1492R (Lane, 1991) . The PCR product was purified using the AccuPrep PCR Purification kit (Bioneer) and sequencing of the 16S rRNA gene was performed with an Applied Biosystems automatic sequencer (ABI 3730XL) at Macrogen (Seoul). Phylogenetic analysis including pairwise 16S rRNA gene sequence similarity comparisons was achieved using the EzTaxon server (http://www.eztaxon.org; Chun et al., 2007) . Initial similarity analyses indicated that strain CJ7
T was closely related to members of the genus Flavobacterium. The nearly complete 16S rRNA gene sequence of strain CJ7 T (1335 bp) was aligned manually against those of representatives of the genus Flavobacterium using the bacterial 16S rRNA secondary structure model and the JPHYDIT program (Jeon et al., 2005) . The phylogenetic analyses were performed by the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. Evolutionary distance matrices for the neighbour-joining method were generated according to the model of Jukes & Cantor (1969) . The neighbourjoining tree topology was evaluated by bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The phylogenetic tree was constructed using the MEGA4 (Tamura et al., 2007) and PHYLIP (Felsenstein, 2005) programs.
According to 16S rRNA gene sequence analyses, isolate CJ7
T formed a separate branch and exhibited 16S rRNA gene sequence similarity of 91.5-98.0 % with the type strains of recognized species of the genus Flavobacterium (Fig. 1) DNA-DNA hybridization was performed with the method of Huß et al. (1983) according to the modification of Yi & Chun (2006) . The DNA-DNA relatedness between the novel isolate and the type strain of F. hercynium DSM 18292 T was 25.4 %. Data from the 16S rRNA gene phylogeny and the DNA-DNA hybridization analyses demonstrate that strain CJ7
T represents a novel species in the genus Flavobacterium (Wayne et al., 1987) .
The cellular morphology of strain CJ7
T was examined by transmission electron microscopy after growth on R2A agar at 30 u C for 2 days ( Supplementary Fig. S1 , available in IJSEM Online). Gliding motility was assessed on the edge of a hanging drop of a fresh R2A broth culture, as recommended by Bernardet et al. (2002) . Growth was tested on R2A agar, marine agar (MA; Conda), nutrient agar (NA; Conda) and trypticase soy agar (TSA; Conda).
Optimum growth was observed on R2A agar and abundant growth was also found on NA and TSA. Weak growth occurred on MA. Anaerobic growth was evaluated on R2A agar in a GasPak anaerobic system (BBL). The pH range for growth was determined using R2A broth at pH 3-10 with 1 pH unit intervals. The final pH was adjusted after autoclaving with NaOH and HCl solutions. The requirement for NaCl (0-10 %, w/v, with 1 % intervals) was tested using R2A broth. Growth at various temperatures was examined in R2A broth at 5-40 uC with 5 uC intervals. The optimum growth temperature of strain CJ7
T was 25 u C. No growth occurred at 40 u C. The results of other growth properties of strain CJ7
T are summarized in the species description.
F. aquidurense DSM 18293
T , F. hercynium DSM 18292 T and F. hibernum DSM 12611 T were obtained from the DSMZ and phenotypic tests were performed on these strains in parallel with strain CJ7
T using the same methods. Flavobacterium chungangense sp. nov.
Tests for hydrolysis of casein, starch and Tween 80 were performed with R2A agar as described by Smibert & Krieg (1994) . Chitin hydrolysis was tested on chitin agar as described by Hsu & Lockwood (1975) . DNase test agar (Difco) was used for the DNase assay. Hydrolysis of alginate (West & Colwell, 1984) , pectin (Paton, 1959) and L-tyrosine (Barrow & Feltham, 1993) was also tested. Hydrolysis of CM-cellulose was tested on Anacker & Ordal's agar (Anacker & Ordal, 1955) containing 3 % CMcellulose sodium salt (Sigma). Production of H 2 S was detected in triple-sugar iron agar (TSI). The presence of arginine dihydrolase, b-galactosidase and urease activities and the abilities to reduce nitrate, produce acid from glucose and produce indole were assessed using an API 20NE kit (bioMérieux) according to the manufacturer's instructions. Other enzymic activities were determined using an API ZYM kit (bioMérieux Chemotaxonomic characteristics were determined from cells grown on TSA at 30 u C for 2 days. Fatty acid methyl ester analysis was carried out according to the instructions of the Microbial Identification system (MIDI) by using the TSBA40 method. Isoprenoid quinones were isolated by the method of Minnikin et al. (1984) and analysed by HPLC (Varian) as described by Collins (1985) . Determination of DNA G+C content was carried out in triplicate by HPLC analysis of deoxyribonucleosides as described by Mesbah et al. (1989) , using a reverse-phase column (Supelcosil LC-18 S; Supelco). The absorption of Congo red by the colonies and the production of flexirubin-type pigments were tested according to the recommendations of the minimal standards for describing novel taxa in the family Flavobacteriaceae (Bernardet et al., 2002) . The chemotaxonomic properties of strain CJ7
T are presented in the species description. They are consistent with those of other members of the genus Flavobacterium. The predominant fatty acids of strain CJ7
T were similar to those of phylogenetically related species (Table 2) , although in slightly different proportions (Bernardet et al., 2002) .
As shown by the 16S rRNA gene sequence analysis, strain CJ7
T formed an independent phyletic line among recognized species of the genus Flavobacterium. The DNA-DNA relatedness between strain CJ7
T and the type strain of F. hercynium DSM 18292 T , which showed the highest 16S rRNA gene sequence similarity, was 25.4 %. Considering the recently proposed similarity threshold for species delineation (Stackebrandt & Ebers, 2006) , strain CJ7
T represents a novel species in the genus Flavobacterium. Data from this polyphasic taxonomic approach also differentiated the novel strain from related members of the genus. Therefore, it is proposed that strain CJ7
T be classified as the type strain of a novel species in the genus Flavobacterium, for which we propose the name Flavobacterium chungangense sp. nov.
Description of Flavobacterium chungangense sp. nov.
Flavobacterium chungangense (chung.ang.en9se. N.L. neut. adj. chungangense pertaining to Chung-Ang University, Korea, where the type strain of the species was isolated).
Gram-staining-negative, aerobic and chemoheterotrophic. Catalase-and cytochrome oxidase-positive. Cells are rodshaped, 0.5-0.8 mm wide and 2.4-3.0 mm long, nonflagellated and non-gliding. Spores are not formed. Colonies on R2A agar are circular, smooth, entire and yellow-pigmented. Cells grow on R2A medium at 5-35 u C (optimum 25 u C) and at pH 5-8 (optimum pH 6). Growth occurs in the presence of 0-4 % NaCl (optimum 0 %). Cannot grow anaerobically. Growth also occurs on TSA, NA and MA. Nitrate is not reduced to nitrite. Indole and H 2 S are not produced. Degrades aesculin, gelatin and starch, but not agar, alginate, casein, CM-cellulose, chitin, DNA, pectin, tyrosine or Tween 80. Alkaline phosphatase, esterase (C4), esterase lipase (C8), acid phosphatase and naphthol-AS-BI-phosphohydrolase activities are present, but arginine dihydrolase, urease, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a- Data for columns 1, 3, 4, 7 are from this study, for columns 2, 6, 8 from Bernardet et al. (1996) and for column 5 from Nogi et al. (2005) . +, Positive; 2, negative; V, variable; ND, no data available. fucosidase and a-mannosidase activities are absent. Acid is not produced from glucose, mannose, arabinose, mannitol, N-acetylglucosamine, gluconate, caprate, adipate, malate, maltose, citrate and phenylacetate. Growth occurs on citrate, pyruvic acid, sucrose, L-glutamate, peptone, tryptone and yeast extract. No growth occurs on glycerol, L-leucine, L-proline, succinate, benzoate, L-proline and ptoluic acid. Congo red is not absorbed. Flexirubin-type pigments are not detected. The major isoprenoid quinone is MK-6. The predominant cellular fatty acids are iso-C 15 : 0 , summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH, iso-C 17 : 1 v9c and iso-C 15 : 1 .
The type strain, CJ7
T (5KACC 13353 T 5JCM 15651 T ), was isolated from a freshwater lake at Chung-Ang University, Anseong, South Korea. The DNA G+C content of the type strain is 34.5 mol%. (Bernardet et al., 1996) . Data for columns 1-7 were obtained by the TSBA40 method and for column 8 after growth on Shieh agar for 48 h at 25 u C. Fatty acids amounting to ,1 % of the total fatty acids in all strains listed are not shown. tr, Traces less than 1 % of total; ND, not detected/not reported. 
